The asymmetric unit of the title crystal structure is shown in the figure. Tables 1 and 2 contain details on crystal structure and measurement conditions and a list of the atoms including atomic coordinates and displacement parameters.
CrysAlis PRO [1] , SHELX [2, 3] , Diamond [4] Doubly distilled water was used throughout all experiments. The synthesis of the target product involves two steps. Firstly, to a 10 mL toluene solution of fipronil (4.37 g, 10 mmol), we added a 12 mmol m-methoxybenzaldehyde in toluene (35 mL) and 4 Å molecular sieves (2.0 g). Furthermore p-toluene sulfonic acid (0.2 g) was added as a catalyst followed by ultrasonic stirring for 0.5 h, the reaction mixture was reacted at about 120°C for 8 h. The resulting solution was cooled to room temperature, and the filtrate was washed with saturated sodium carbonate solution (30 mL), water and saturated brine, respectively, and then dried over MgSO4. The filtrate was concentrated by rotary evaporation, and adsorbed on activated silica gel. The crude product was obtained by column chromatography on silica gel with V ethyl acetate /V petroleum ether (1:8) as the eluent, which was dried under vacuum to give the compound (1) After allowing the V ethyl acetate /V petroleum ether (1:4) solution to stand in air for 15 days, transparent colorless cubic crystals were formed by slow evaporation of the solvent. The crystals of the title compound were isolated, washed with light petroleum and dried in vacuum (yield 70.4%).
Experimental details
All H atoms were placed in geometrically idealized positions and constrained to ride on their parent atoms with C-H distances in the range 0.93−0.98 Å, and with U iso (H) = 1.2 Ueq for aryl H atoms and 1.5 Ueq for the methyl H atoms. All H atoms in the methyl group were allowed to rotate to best fit the experimental electron density. The CF 3 group was refined with a disorder model. Atom F4, F5 and F6 of the CF 3 moiety were found to be disordered over three positions (F4/F4A, F5/F5A and F6/F6A) and split into two positions with occupancies of 0.604 and 0.396 and refined anisotropically.
Comment
Schiff base reduction derivatives are important chemical reagents, which act as a foundational role of antibacterial, anti-oxidation, anti-tumor and have a wide range of applications in the fields of catalysis, biochemistry, functional materials, medicine and other research areas [5] . Some Schiff base reduction derivatives have a strong coordination effect [6] . Recently, such compounds are identified as potential components in the luminescent materials. Phenylpyrazole derivatives are a class of nitrogen-containing heterocyclic compounds with broad biological activity [7] . In the field of medicine, such compounds can reduce inflammation and analgesia [8] and in the field of pesticides, they can be used as herbicides and pesticides [9] . Furthermore, from the perspective of the molecular structure, the phenylpyrazole heterocycle can form a conjugated system with high fluorescence quantum yield and intramolecular charge transfer characteristics.
The crystal structure of the title compound consists of a fipronil sub structure and a m-methoxybenzaldehyde moiety, and is bridged with C-N bond 1.464(3) Å formed by N3-C7. The bridge angle C7-N3-C6 is 124.9(2)°. In the crystal structure the 1,3-dichloro-5-(trifluoromethyl)benzene rings are not coplanar to the plane of the pyrazole ring [10] . The two heterocyclic rings make a dihedral angle of C6-N1-C2 127.65(18)°. The N1-C2 bond distance is 1.425(3) Å, which is the single bond connecting pyrazole ring to 2,6-dichloro-4-trifluoromethylphenyl. The mean plane of C4-S1-C5 is slightly twisted out of pyrazole ring with a dihedral angle of 97.29(12)°.
The aryl moieties of 1,3-dichloro-5-(trifluoromethyl)benzene, pyrazole and m-methoxybenzene are not in the same plane [11] . The C4-S1, S1-O1 and C10-O2 bond distance are 1.746(2) Å, 1.4879(18) Å and 1.368(3) Å respectively. The N4-C15 bond distance is 1.139(3) Å.
The packing of the title compound is partially facilitated by Y-X· · · π interactions. The two most prominent such interactions are given in the Y-X· · · Cg (Pi-Ring) interactions table (Cg1 represents the centroid of ring N1/N2/C4/C2/C3, Cg2 that of C7/C12/C11/C10/C9/C8). The first of these interactions, C8-Cl(2)· · · C(g)1π which acts in centrosymmetric pairs between two molecules, connects the molecules to infinite chains along the c axis of the unit cell. The second slightly weaker type of C19-F6A· · · C(g)2π interaction connects these chains with each other. There are no classical intermolecular hydrogen bonds.
The bioactivities of the title compound and phenylpyrazole insecticide (fipronil) against the 3 rd instar larvae of Plutella xylostella were determined by the leaf disc-dipping assay. Leaves of Chinese cabbage grown in the greenhouse were collected, and discs (5 cm diameter) were punched from each leaf. The compounds were dissolved in acetone and suspended in distilled water containing Triton X-100. Leaf discs were dipped in each test solution for 30 s and allowed to dry for 2 h. The treated leaf discs were placed into Petri dishes (10 cm diameter). Then, ten Plutella xylostella larvae were introduced into each dish. Doubly distilled water containing acetone-Triton X-100 solution was used as the control. Petri dishes were kept in incubator at 25°C and 85% relative humidity under a photoperiod of 16:8 h light: dark. All treatments were replicated three times. Mortalities were determined 24 h after treatment. The death rate of each treatment group was confirmed. LC 50 value was calculated by the SPSS. Bioactivity results showed that the activities of the title compounds against Plutella xylostella after 24 h is 14.34 mg·L −1 better than that of fipronil 27.24 mg·L −1 . This approach proposes a novel insight to provide a great number of novel phenylpyrazole fluorescent insecticide by a general green method. The absorption and photoluminescence spectra of the title compound in CH 2 Cl 2 solution were investigated. In the absorption spectrum, intense absorptions are observed in the ultraviolet region near 210 nm and 275 nm, belonging to the conjugated absorption peak of benzene ring and pyrazole ring. The conjugated structure with the pyrazole ring, results in a red shift in UV absorption and a medium-intensity absorption peak at 320-387 nm. Its UV absorption is mainly attributed to the p-π* transition of the conjugated system. The fluorescence spectrum of the title compound shows a strong peak at 445 nm. Finally it should be mentioned that phenylpyrazole heterocycle compounds are good candidates to design and develop new fluorescent pesticides, which lays a foundation for the natural degradation and fluorescence detection of pesticide residues.
